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Abstract .

The stability of a stagation point on the parablolidal surface of
seperation between two dielecric fluids under the influence of on elec­
tric field is studied. A localised perturbation technique is used in the
neighborhood of the stagnation point. It is found that the electrie
fied Iooses its destablising effeet on the stability of the stagnation
point.

1. IMtodction :

The pblished literature in electrohydrodynamics deals mainly
with surface Instabilites. It is quite welllrnown that (4) the electrie
fields which are normal' to surfaces seperating two fluids tend to
destabilise the interaface, while tangential fields has stablising effect.
An exhaustive collection of works on hydrodynamic stabilities of surf­
aces may be found in ref. (2). Unfortunately, a Tittle interest is paid
to point instability. Recently, Berghmans (1) studied the hydrodyn­
emic stability of a stagation point on a parabolic interface under gra­
ity force and surface tension. He found that the instability can occur
for certain displacements of the interface. He also noted that the
surface tension has its maximum effect at the stagnation point.

The aim of this note is to study the stability of the stagnation
point under the influence of an electric field. It is found that the
electric has no effect on the stability of the stagnation point.

(3)
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2. Fomlatio of the roblem :

The problem considered here deals with a parabolic inte1face foI­
med by a iet impinging vertically a horzontal surface of a fluid at rest.
The surface eguation can then be written as (3)

F (r,z) = ٥-br2 = 0, (1)

where (, ) are cylindrical coordinates and the z-axis is vertically
upwards. 'The steady state solutions for the velocity of the upper
fluid are (1)

 ي

V,= ar

7٥ =0,

7a = 2a(2 b r2 ( ة

The Fower fluid is assumed to be at rest, i.e.

= 0,7٥,=٧٨٥=٧z

(2)

(3)

(4)

(6)

where the subscriptS 1,2 refer to upper and lower fluids respectively.
It is evident that the above expressions for the velocity satisfy the
equations govemning motion which are

-٦T ٠ م E+٤٠٧y)( aي٧ 
wHer٥ T ٢ م= -±€g ,٤

along wlth
= م O٠(٤±)y
= لا 0٩٨

where p is the pressure, is the fluid denisty, g is the gravity accele-
ration acting in the megative direction and E is the electric field.

We assume that the electric field consistant with eps. (7) and (8)
to Mbe of the form

E, = E r,
E = 2E  ج

(9)
(10)

The surface charge denisty q on the parabloic surface is zero for the
steady stae provided that the above assumption for the field is taken
near the origin, We notice that



45 م

E )و E)nو٠= 

and n is the unit normal' to the surface.

We note that eqs, (2) (4) show that the origin is stagnant.

3. PertarbatioM Egwations

We assume that the interface is slightly defomed and the result­
ing surface is given by

 ان

F(r,a,٤) = z-٤٥6 -(r,6) =٥ (11)

Consequently the dependAnt variablea y , E, T eceiv3 ح 1ncreEentE

to be of the form

٥٥-٤+٤,٤=٤+٤ , m٩٥٦٢٠ # , (12)

whre the superscript o refer to the perurbed quantities and the bar
denotes the perturabtion. We assume that the perturabation flow is
iIrotaional and hence there exists a velocity potential Euch that

٤-=7 ت
The a coDponent of eg6م) )

!a٨ شمج م.٠ ج قلد مء٠ و ح٧ ج
28,

 ة٧2
»

٥7
8 م,

= ه- £ي ٥ 2

(3)

(١٧)

For simplicity, we shall only consider symmetric perturbations, i.e.

،
Oل تد 

٤
at r= o, (16)

and from egs. (2),(5) we also se that v, vanishes at the stagnation
point. Ths eq. (14) takes the form'

 م3جغ. ".جكم+ ر.. تهجء ءم.
E0.(16) can then be L1nearlsed to tbe foi

at r-0 (16)
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٥٥-٥T.٤-٤(٩, م-د,vجد) ,م- جو3 )يلإ م 
٥5٦ z62٥٥ ٠ ٢1٦)

frc٥ 0t٥ 37 ٢٥ GetIntegratinG e17)و٠ ) w٥r٠t٦٠

-٥- 7 ٤±م+= ةم-٦-٨٢٥ ة٠
at r-0, ٦=37(0,٤ ) (18)

}٠

E. (18) is valied for both regions of the fluids. At the stagnation
٩point ، ،« و و v =0 and in the upper region ,a =ج72 (0,t) which is a

first order quantity. It follows that in both cases the last term of eg.
(18) is a second order quantity which can be neglected.

TEus

-#٠ %%م  م­٤٦»19)
a٤ r=0 ana z ٠(o,t) د7

It is also assumed that the perturbation of the velocity satisfies the
equation of continuity

« تء٥

=a: £rد e٩.(15)

= ٦2 م6

82a3
٤here

٥ د٤.a• °ج4 ن21 rي rو e
6٤

7 i6 related o4 by the surfAce aquation

 د )كةع(؟ ء .ه

(20)

(21)

I٤ follows that

٥٩٥٦٥i •٤b2+2ت + 3r٥٥r
٢
٥٤ (a2) ت0

٦

THe perturbation in the electric field E satisfies eqs. (7) aad (8) i.e.
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(8) 1.e٠

V٠٤E = ٥ (5)

٩ £م = O  ج(4)

it £o2lomN thEt thoro sxsta lهpotentl ه Nnet1on eueb ؟ that

(25)

(26)

٤ ٧
and

% هم = ٥ ٩

S1nc ٣a are interested in tho etabil4ty ٥ the etagaation po1nt,
w٥ ا may expand 4 ,»٦ ±n poMere o٥2٤٤ و£ the tor(1)

(27)2 2 22 )1c =٤e م A٩, -k٤4٠٥٥)(1+٤٤+2k ٤+٠٠٠
 ب

(28)2 2a2لا٥٤ (= A4, e+٤٥+2 و٤+٠٠ )ه (١-٥٤+٠٠٠)

(29)1c ٤ ( ٩=U ر ه2 A ٣٥٤ مB٠٠ ه د

(30)1c٦٤ 22 ٧ ج2 (٠٠٠2W٠٠٠()٤٥١٩+٤+e (1-k1=٨ م٤

1G ٤ 5=٨ و ه(١-٤٥٠١٠٠٠٠٠٥6٩٩٤6 ج غم٠••• د(31)
where A, Aر , Aي , @, f, s, k, ,ه are constants. a being real or complex,
cetermines the nature of the perturbation where stable or unstable.

--eEي LtمlsgRع Epcrن جدا ا 

The E64at1onد or & , , ehould sat4afy ,( و6(.21(,)622
{25)and the £2lowng bundary coudt1oaa well'E,(22)relates وة

A ٤٥ 40on nubot±tuv4٥n tor nto تق٤٩ (z (.ه2 w٥ 6et

٨ د10 و(32)
+- جزهد"# جنؤة

'Tha radlv٥ of curvature ot the boundary eurface 1e g1'veN by

d٠2 ·5/2 z ج،±- وغى• ')لفخ([(33) az11 ه  #و ثثلأ]1+ '[نمج(٠٤ ا]
 ث# عه

Sub1st4tutذng fo3 z(r) fro» ٥9٠(11) we fInd that

(54)

١( رج2 د ج٠ +2٥r-#٦٥ (ء28 }«±ل±م١
1

٤٥R0
8

2
+ ن٦ ( 2b+ ( ±خ { ] - u ر2 ي P ج3 ( ه

8 ج٥٤
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f1n1te 1n order to have f1n1te pressure d1£farenceم p ehoulD b1 م - a
AcroeA tbo 1ntartace,'Th3refare

(35)at r=0٥٦ -٥r ا د

٩
 م(36)

1-
8 7
8 م با٩2٥ ي

and hence

by tha aolut1an e1ven by oq.(29)٠It 1s
-.3 و

7 ٤ز==ra٤0 ء0. ٥

١  ج
٥٩

(55) 1٥ aat1etledCndt±on

Ala ٥bserved ه froM e4s.(2?) and (28) that

The electric potential should be continuous at the interface,
theefore

(37)Aر = A٠

The nomoal elsctrle d1splAceaent 4 E, ahould be cont1nuaua

·٦ tbe 1nLorfaes
٤,٤٠٢6-٤6 «ج ه0.(38)

(39)

٩tم d {31) 1nto eq0(58) wص٥ fros e0€.(50)aUb1stitut1n؟٤ 
«

.0E.ر«=٨ ج= د 

The naraal comPonent o4 tho atress teneor (")wNer٥ رب1

(o)٩ يE 4% ي-٢٦٩٤٤٤,h»6 ر+6

o by the surtace tens1on, thusع dtacoatAnuous At the 1nterfa:.ه 

(41)o6
a2

(-٦%,٤,٠٤4«,٠(3-٦9 ج<6ي)=

R3 an4

AEre T 1a the 6urfAes tenAion٥
oa sub1st1tut1on 1nto e٩٠(44) torm9, ٤0,

٤0 the follo»lng dopers1onearla1ng »e get 1n tha 11M1t aA11 م

o9tAt306

(42)+ fga  ة و2ي
A , -ج م

We observe that the radial electric field E, vanishes as 1 0 ٢
while the vertical component E, is of order , Therefore the electric
field is mainy perpndicular to the surface at the stagnation poit.
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Ed. (2) is the same as obtained by Berghans for his study of
the stability of the stagnation point in absence of electrc field. Thus
it is cear from eg. (48) that the electrie field has no effect on the
staNility of the stagnation point. THerefore the normal field looses
its destablising effect on the stabiity of the stagnation point in con­
trast vith the surface tension effect (1). The reason is that the terms
containing electric field in eg. (41) become of the second order due
to the surface deformation. However, in the neighborhood of the
stagnation point the electric field may affect the surfaعe stability. 'The
investigation of the latter case may not be carried out easily by the loca-
1ised perturbation technigue.
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